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Abstract

The foodborne pathogen Salmonella spp. and Staphylococcus spp. are responsible for a food-
borne disease affecting both humans and animals. To evaluate the presence of these nuisance
bacteria, a total of 61 samples comprising 39 raw milk and 22 brand milk samples were
collected, using convenience sampling from different points/markets of Dhaka and the local
farms at Mohakhali, Hemayetpur, and BLRI. The Samples were examined for identification of
Salmonella spp. and Staphylococcus spp., total viable bacterial count (TVBC), and total
coliform count (TCC). The raw milk samples had TVBC with values that ranged between 3—
8.2 logio CFU/mL in contrast brand milk samples had TVBC values ranging between 0-8.6
logi0 CFU/mL. A total of 5 (8.2%) Salmonella isolates were confirmed by conventional PCR
with the inV gene. Of these, 4 (10%) and 1 (4%) Salmonella spp. were isolated from raw milk
and commercially packaged brand milk samples respectively. A total of 27 (44.3%)
Staphylococcus spp. were isolated from 39 (69.2%) raw milk samples. Antibiotic susceptibility
testing indicated that all 5 isolates of Salmonella spp. were resistant to at least 14 antibiotics
especially tetracycline-class antibiotics. Fourteen (51.6%) of the Staphylococcus spp. isolates
showed resistance to ampicillin and penicillin, which is indicative of the presence of -
lactamase producing gene. In conclusion, the high bacterial load beyond the permissible level
in the milk samples, the presence of Salmonella spp. in the milk, and also multidrug-resistant

strains of Salmonella and Staphylococcus spp. are of serious public health significance.

Keywords: Total viable bacterial count, Total coliform count, Antimicrobial susceptibility,

Beta-lactamase
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Chapter 1: INTRODUCTION

Milk is used as a major source of nutrition all around the world. Cow’s milk especially
is a source of nutrition in Bangladesh. Traditional milk collectors and sellers in
Bangladesh usually collect milk in an unorganized way and are usually being supplied
to the consumers from the urban and rural areas by milkman called Goalas. Things
have, of course, changed quite a bit nowadays. Several industrial processors have
emerged—collecting, processing, and selling milk and milk products in packaged form
with the promise of hygiene and quality. There is a potential risk of health hazard if not

properly processed and packaged leading to the growth of a large variety of bacteria as
milk is an excellent source of food for microorganisms as well.

There are two recognized species in the genus Salmonella, namely; S. enterica and S.
bongori (Janda, 2006). About 2541 Salmonella serotypes have been recognized
currently (Popoff et al., 2004).

Salmonellae are well-known pathogens, highly adaptive and potentially pathogenic for
humans and/or other animals (Fluit, 2005). Foodborne infection caused by the
Salmonellae is known as salmonellosis. Some Salmonella serotypes such as Salmonella
Typhi and Salmonella Paratyphi, which are well adapted to man usually cause severe
diseases in humans as septicemic typhoid syndrome (enteric fever). Salmonella
infections in humans range from gastrointestinal infections that are accompanied by
inflammation of intestinal epithelia, diarrhea, and vomiting, to typhoid fever, a life-
threatening infection (Hensel, 2004). Foodborne diseases caused by nontyphoidal
Salmonella represent an important public health problem worldwide (Jun et al., 2007).

Some studies conducted in Bangladesh on the total bacterial count provided the

following data in different sources of milk samples. It has been reported (Alam et al.,



2017) that, for the raw milk marketed in Chittagong 33(18%) of the 186 raw milk
samples contain E. coli (18.3% and 11.8% markets and dairy farm, respectively)
indicator bacteria for any enteric pathogens. The mean viable count of total bacteria
was 4.04x108 CFU/ml and the mean viable count of E. coli in the contaminated raw
milk was 1.88x10% CFU/ml. (Prodhan et al., 2016)found there was greater than 22000
CFU /ml of total plate count in raw milk which exceeds the BDS standards while in
pasteurized milk it was 7000 CFU/ml. Among specific pathogens, Staphylococcus spp.
was noticed to be the predominant ones and was recovered from 9 samples out of 20
samples in a range of 102-10° CFU/mL. Klebsiella spp. and Vibrio spp. were found
within 6 and 9 samples, respectively. A study of antibiotic susceptibility test revealed
multi-drug resistant (MDR) trait in Bangladesh (Malek et al., 2016).

Salmonella typhi 10 (35.71%), S. aureus 27 (96.43%), E. coli 15 (53.57%) were found
in the vendor milk samples. In the brand milk samples, they didn’t find Salmonella
typhi but found S. aureus 3 (42.86%), E. coli 2 (28.57%) among the sample collected
from a different location in Bangladesh (Munsi et al., 2016). Out of the 350 milk
samples examined 14 (4.0%) were positive for Salmonella. The antibiotic resistance
pattern of 14 Salmonella isolates from raw and fermented milk showed 9 different

resistance patterns of the 11 antimicrobial agents used.

A total of 84 (52.50%) raw milk samples were Staphylococcus aureus positive, 72
(45.00%) were Escherichia coli positive, 2 (1.25%) were Salmonella positive, 2
(1.25%)  were Listeria  monocytogenes  positive, and 3  (1.88%)
were Campylobacter positive in northern china (Lan et al., 2017). Of 486 Bulk Tank
Milk samples tested, 12 samples (2.5%) resulted positive for the presence of MRSA in
Italy (Parisi etal., 2016). Over the years, bacterial pathogens including Salmonella have
developed resistance to various antibiotics (Brands etal., 2005); (Gebreyes and Thakur,
2005); (Chao et al., 2007). Antimicrobial resistance in Salmonella, which has led to the
failure of treatment in salmonellosis and other bacterial infections has been the concern
of individual patients and public health (Travers and Michael, 2002a); (Butt et al.,
2003); (Okeke et al., 2005)).



1.5 Global Antibiotic resistance scenario

The problem of antimicrobial resistance is particularly pressing in developing
countries, where the infectious disease burden is high and cost constraints prevent the
widespread application of newer, more expensive agents (Okeke et al., 2005).
According to (Bekele and Ashenafi, 2010), a higher frequency of resistance of
Salmonella to the commonly used antibiotics in human medicine such as streptomycin,
amoxicillin, and gentamycin was observed in isolates from cattle and poultry in

Ethiopia.

Quantitative microbial risk assessment (QMRA) is an important approach for food
safety by which risk and factors that influence food safety are identified. The goal is to
provide an estimate of the level of illness that a pathogen can cause in a given

population. For QMRA, there is a need for microbiological methods that generate
quantitative data (Forsythe, 2008).

Chapter 2: REVIEW OF LITERATURE

2.1 Evolution of Salmonella

Itis believed that Salmonella and Escherichia coli are evolved from a common ancestor
about the time of the evolution of mammals, as mammalian and avian pathogens (Wray
and Wray, 2001). Salmonella could have diverged from the genus Escherichia 120 and
160 million years ago (Cotter and Dirita, 2000).

2.2 General Characteristics of the Genus Salmonella

Salmonella is a heterogeneous bacterial genus consisting of rod-shaped, Gram-
negative, non-spore-forming, catalase-positive, oxidase-negative, and predominantly
motile bacteria possessing peritrichous flagella. Its members are generally small
enterobacteria with a diameter ranging from 0.7 to 1.5 micrometer and a length of 2.0
to 5.0 micrometer. Salmonella grows optimally at a temperature of 35 to 37°0 C, pH
of 6.5 to 7.5, and water activity of 0.94 t00.84 (Yan et al., 2004).



Salmonella spp. catabolize carbohydrates such as glucose, mannitol, into acid and gas
the genus Salmonella produces usually gas from glucose except for S. Typhi which
ferments glucose and mannitol without gas production. Hydrogen sulfide is usually
produced on triple sugar iron agar but some strains of S. Choleraesuis and most strains
of S. Paratyphi A do not (Barbara et al., 2000). Most of them are urease, indole, and

oxidase negative but catalase positive.

Salmonellosis is a bacterial disease caused by strains of Salmonella (Ohl and Miller,
2001). Salmonellosis remains among the main causes of foodborne illness in

developing as well in developed countries. It is known to be an important cause of
severe diarrhea among children as well as other age groups of a population.

2.3.1 Causes of Salmonellosis

Salmonella infections include gastrointestinal infections that are characterized by
inflammation of intestinal epithelia, diarrhea, and vomiting, to typhoid fever, a life-
threatening infection (Hensel, 2004). The severity of Salmonella infections is
determined by the host immune status and the pathogenicity of the bacterium (van
Asten and van Dijk, 2005).

2.3.2 Health and Economic Impacts of Salmonellosis

The Center for Disease Control and Prevention has estimated that Salmonella infections
were responsible for 1.4 million annual illnesses, resulting in nearly 600 deaths in 2003
in the United States. The estimated annual costs in dollars in 1998 and 2003 of medical

care and loss of productivity due to food-borne Salmonella infections in the United
States were $2.3 and $2.9 billion (Frenzen, 1999).

2.3.3 Symptoms of Salmonellosis in humans

The most common manifestation of nontyphoidal salmonellosis is mild to moderate
gastroenteritis, consisting of diarrhea, abdominal cramps, vomiting, and fever.
Typically, symptoms of gastroenteritis develop within six to seventy-two hours after
ingestion of the bacteria (Pegues, 2005). The symptoms are usually self-limiting and

typically resolve within two to seven days. In a small percentage of cases, septicemia



and invasive infections of organs and tissues can occur, leading to diseases such as

osteomyelitis, pneumonia, and meningitis (Cohen, 1987).

2.3.4 Prevalence and Incidence of Salmonellosis

Significant outbreaks of Salmonellosis occurred around the world at different times.
For instance, in the United States, 164,044 (approximately 32,000 annually) during
1998-2002 (Lynch et al., 2006); in China approximately 70% 80% and during 1992-
2005 (Chen et al., 2004, Jun et al., 2007, Liu, 2008), in Germany, a total of 42,851
(Robert Koch Institute) (Safety, 2009) In 2006, a total of 160,649 confirmed cases of
human salmonellosis were reported in the EU (Liu, 2010).

Salmonella spp. is mainly transmitted by the fecal-oral route. They are carried

asymptomatically in the intestines or gall bladder of many animals and are continuously
or intermittently shed in the feces.

People are often infected when they eat contaminated foods of animal origin such as
meat, eggs, milk, vegetables, and fruits (OIE, 2005).

The incubation period ranges from five hours to five days, but signs and symptoms
usually begin 12-36 hrs. after ingestion of contaminated food. The shorter incubation
periods are usually associated with higher doses of the pathogen or highly susceptible
persons. Signs and symptoms include diarrhea, nausea, abdominal pain, mild fever, and
chills. Diarrhea varies from a few, thin, vegetable soup-like stools to massive
evacuations with dehydration. Sometimes vomiting, prostration, anorexia, headache,
and malaise occur. The syndrome usually lasts 2-5 days. The excreta of infected persons
will contain large numbers of Salmonellae at the onset of illness. The numbers decrease
over time and few persons excrete non-Typhi Salmonellae after 3 months (Gomez,
1997).



The incubation period ranges from 7 to 28 days (depending primarily on dose), and on
average 14 days. Malaise, headache, high persistent fever, abdominal pain, body aches,
and weakness occur, commonly with either pea-like diarrhea or constipation. Nausea,
vomiting, cough, perspiration, chills, and anorexia may occur. Rose spots sometimes
appear on the trunk, back, and chest. Aslow heart rate, atenderand distended abdomen,
enlarged spleen, and sometimes bleeding from the bowel or nose are observed. The

senses are dulled and patients may become delirious. Relapses sometimes occur (Miller,
1995).

Different Salmonella prevalence has been documented in different parts of the world
from milk. For instance, in Bangladesh, 35.71% of vendors milk and none brand milk
samples (Munsi et al., 2016), 1.85% of milk (Rahman et al., 2018), in Zaria, 4% of
milk (Tamba et al., 2016). A larger segment of the rural and urban population is
dependent on livestock for food and generation of income. Thus, many zoonotic

bacterial pathogens like Salmonella can reach humans through the consumption of
contaminated foods and food products of animal origin.

In addition to its pathogenicity, there has been concern about antimicrobial resistance
in Salmonella, which has led to the failure of treatment of Salmonellosis and other
bacterial infectious diseases. (Travers and Michael, 2002b); (Butt et al., 2003).

Drug resistance in bacterial pathogens like Salmonella is mainly due to intensive use of
antimicrobial drugs in food-producing animals humans (van den Bogaard and
Stobberingh, 2000); (Threlfall et al., 2000). Resistance against extended-spectrum
cephalosporins and fluoroquinolones are also being increasingly reported after 1991
(Chiu et al., 2004). According to CDC (2002a), there has been also an increase in multi-
drug resistant Salmonella serotypes.



Increased antibiotic resistance among Salmonella is not only in the percentage of
isolates resistant to a particular antibiotic but also in the development of resistance
against newer antibiotics (Fluit, 2005).

In a study conducted in the USA, Salmonella isolated from pre-harvest turkey
production sources were resistant to multiple antibiotics (Nayak et al., 2004).

In Indonesia, Salmonella Enteritidis isolates recovered between 1995 and 2001 were
resistant to most of the antimicrobials tested, except fluoroquinolones. A study in
Alberta, Canada, indicated high resistance of Salmonella isolates from food and food
animals to ampicillin, streptomycin, sulfamethoxazole, and tetracycline (Johnson et al.,
2005). There are also reports of Salmonella resistant strains isolated from foods of
animal origin in other parts of the world such as China (Yan et al., 2010), Iran (Dallal
et al., 2010) Netherlands (Van Duijkeren et al., 2003), France (Weill et al., 2006),
Portugal (Antunes et al., 2003), Nepal (Khanal et al., 2007), Spain (Carraminana et al.,
2004) and Senegal (Stevens et al., 2006).

Periodic surveillance of the level of Salmonella contamination in the different food
animals, food products, and the environment is necessary to control the spread of the
pathogen and infection of man (Arumugaswamy et al., 1995, Dawson, 1992). Safe food
production requires knowledge of the nature and origin of the animals, animal feed, the
health status of animals at the farm. It also needs knowledge on the use of veterinary
medicinal products, theresults of any analysis of the samples taken at the farm (Snijders
and Van Knapen, 2002).

Spoilage of end products, by potential microbiological pathogens, can be reduced by
inactivating the pathogen growth. (Farkas, 1998). Enabling rapid identification of
microbial contamination toallow rapid response (Doyle, 2006), knowledge and attitude
of the consumers (Woteki, 2001), personal hygiene of food handlers (Nowak et al.,
2006), consumer perception of food safety (Redmond and Griffith, 2004), and
continuous further education are equally important to achieve food safety practices
(Fischer, 2006).



S. aureus is a Gram-positive, non-spore-forming spherical or ovoid non-motile
organism arranged in grapes-like clusters. S. aureus can grow at temperatures 7°C to
48.5° C, pH-4.2109.3, and NaCl concentration up to 20% (ICMSF, 1996) and (Stewart,
2003). The pathogen infectiousness is due to a combination of toxin-mediated

virulence, invasiveness, and antibiotic resistance.

Food poisoning generally has a rapid onset with an incubation period of 1-6 h Common
symptoms include nausea, vomiting, abdominal cramps, and diarrhea. Recovery is
usually occurring between 1-3 days (FDA, 2012, Stewart, 2003). The foods frequently
implicated in food poisoning are milk and dairy products, meat and meat products,
poultry and egg products, salads, bakery products, especially cream-filled pastries and
cakes, and sandwich fillings (Hennekinne, 2012). The organism is a commensal and
opportunistic pathogen. The Staphylococcus genus is widely distributed in nature and

is living on the skin and mucous membranes of warm-blooded mammals.

The mortality of S. aureus bacteremia remains approximately 20-40% despite the
availability of effective antimicrobials (Lowy, 2003). The bacteria problem is increased
due to the development of multidrug-resistant strains which increases their virulence

profile and pathogenicity.

(Muehlherr. J.E., 2003) observed atotal of 407 samples of bulk tank milk (344 of goat's
milk and 63 of ewe's milk) collected from 403 different farms throughout Switzerland.
Standard plate counts and Enterobacteriaceae counts were performed along with a
prevalence study of S. aureus: Campylobacter spp., Shiga toxin-producing E. coli,
Salmonella spp., and Mycobacterium avium spp. paratuberculosis. The median
standard plate count for bulk-tank milk from small ruminants was 4.70 logio CFU/mlI
(4.69 logio CFU/mI for goat's milk and 4.78 logio CFU/ml for ewe's milk), with a
minimum of 2.00 logio CFU/mlI and a maximum of 8.64 logio CFU/ml.
Enterobacteriaceae were detected in 212 (61.6%) goat'smilk and 45 (71.4%) ewe's milk
samples, whereas S. aureus was detected in 109 (31.7%) samples of goat milk and 21

(33.3%) samples of ewe's milk. (Gundogan, 2005) examined 180 samples of raw milk,



pasteurized milk, and ice cream and found a 94.5 percent prevalence of S. aureus from

these samples.

(Kumar, 2010) studied Staphylococcus in milk (dairy farm, vendors, and house) and
milk products (viz; dahi, ice cream, gulabjamun, burfi, khoa, and butter) and revealed
that out of 135 samples, 25 samples were found contaminated with Staphylococcus spp.
and E. coli. The highest rate of contamination was recorded in burfi while the lowest
was observed in ice cream.

(De Oliveira, 2011) examined 50 samples of raw milk samples and found that 34 (68%)
were contaminated by S. aureus. with the average varying from 6.3x10? to 2.8x10°
CFU/ ml. In the contaminated samples of raw milk. 6 had levels of S. aureus
corresponding to 102 CFU /ml; 14 had levels of 102 CFU /ml; 7 counts of 10* CFU /ml;
6 samples of 10° CFU /ml and 1 sample of 106 CFU /ml.

(Sharma, 2011) conducted a study on 115 cattle milk samples and were found 25
(21.73%) isolates of S. aureus.

(Jahan. M. Rahman. M.. Shafiullah. M.. Parvej. S.. Md. Chowdhury, 2015) during a

study of 47 raw cow milk samples observed 12 (25.53%) isolates were confirmed as S.
aureus.

(Gundogan, 2005) evaluated resistance of S. aureus to different antibiotics by the
Kirby-Bauer disc diffusion test They observed S. aureus strains resistant to penicillin
G, methicillin, and bacitracin. Few numbers of the strains were resistant to
erythromycin All strains were susceptible to vancomycin, ciprofloxacin, and

cefoperazone-sulbactam.

(Nema, 2007) during an investigation of enterotoxigenic staphylococcal food

poisoning, observed strains were sensitive to oxacillin and vancomycin.

(Hoertle, 2009) examined in vitro antimicrobial susceptibility against the isolates of S.
aureus and observed 100 percent susceptibility for vancomycin and teicoplanin and
resistance to at least one drug was 96%, 97%, and 100% for the years 2001, 2003, and
2004 respectively. Except for ampicillin and penicillin, antimicrobial resistance
decreased from 2001 to 2004.



(Sharma, 2011) studied antimicrobial resistance of 25 cattle milk isolates and observed
80-90 percent of isolates were showing multiple drug resistance to the majority of
antimicrobial agents tested. Isolates were found resistant to nalidixic acid,
amoxicillin+sulbactam. cloxacillin, erythromycin, kanamycin, and sensitive against
ofloxacin, ampicillin.  oxacillin,  streptomycin, tetracycline, sulphafurazole

ciprofloxacin.

(Thaker, 2013) during a study of 6.25% milk and milk products, isolated strains of S.
aureus showed the highest sensitivity towards cephalothin, co-trimoxazole, cephalexin,
and methicillin as 100%, followed by gentamicin (90%), ciprofloxacin (80%); oxacillin
(70%), streptomycin (60 %) and ampicillin (60%). The pattern indicated that the overall
high percent of S. aureus isolates were resistant to penicillin-G (100%) followed by
ampicillin  (40%), oxytetracycline, and oxacillin (20%), and streptomycin and
gentamicin (10 %).

(Jahan. M. Rahman. M.. Shafiullah. M.. Parvej. S.. Md. Chowdhury, 2015) examined
25.53% isolates of S. aureus in raw cow milk. The strains were resistant to penicillin
(100%), erythromycin (75%), and amoxicillin (100%) and sensitive to ciprofloxacin
(83.33%), oxacillin (100%), cloxacillin (100%), and neomycin (100%).

To this end, the general objective of this study was to investigate the prevalence, load,
and antibiotic-resistance patterns of Salmonella and Staphylococcus strain in milk

samples collected from the dairy farm and commercially packaged (brand) milk in the
study site. Thus, the specific objectives of this study were:

1. To investigate the prevalence of Salmonella spp. and Staphylococcus
spp. in milk samples collected from the dairy farm and commercial
packaged milk of the study area.

2. To know the antimicrobial susceptibility of the Salmonella and
Staphylococcus isolates.

3. To determine the total bacterial count and total coliform count from milk
samples.

10



Chapter 3: MATERIAL & METHODS
3.1 Materials

3.1.1 Minor Equipment

Petri-dishes, Iceboxes, bijou bottles, universal bottles, wire loops, straight wire,
Bunsen burner, test tube holders, measuring cylinder, polythene bags, scissors,
conical flasks, test-tubes, pipettes, masking tape, permanent markers, and milk

samples.

3.1.2 Media and Reagents

3.1.2.1 Enrichment Media
e Rappaport Vassiliadis broth (RVB)

e Brain Heart Infusion broth (BHI)

3.1.2.2 Isolation Media
e Nutrient agar (NA) e Mannitol Salt Agar (MS)
e Eosin Methylene Blue (EMB) o Baird Parker Agar (BP)

e Xylose Lysine Deoxycholate Agar

(XLD)

3.1.3 Characterization of Isolates

3.1.3.1 Biochemical analysis
e TSI —Triple Sugar Iron Agar e Methyl red

e Indoleand H2S production test ¢ Voges Proskauer
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3.1.4 Gram Staining

3.1.4.1 Gram staining reagents

e Crystal violet e 70% ethanol

e Lugol“s iodine e 1% safranine

3.1.5 Antibiotic susceptibility testing

Amoxicillin/Clavulanic acid (AMC 30ug), Ampicillin (AMP 10ug), Azithromycin
(AZM 15pg), Cefixime (CFM 5ug), Chloramphenicol (C 30ug), Ciprofloxacin (CIP
5ug), Ceftriaxone (CTR 30ug), Cefotaxime (CTX 30ug), Doxycycline (DO30ug),
Enrofloxacin (ENR 5ug), Erythromycin (E 15ug), Cefepime (FEP 30ug), Gentamicin
(CN 10pg), Imipenem (IPM 10ug), Kanamycin (K 30ug), Levofloxacin (LEV 5ug),
Nalidixic acid (NA 30ug), Norfloxacin (NOR 10ug), Oxytetracycline (OT 30ug),
Pefloxacin (PEF 5pug), Streptomycin (S 10pg), Co-trimoxazole (SXT 25ug),
Tetracycline (TE 10pug), Linezolid (LZD 30 pg), Nitrofurantoin (F 300 ug), Penicillin
(P 10 pg), Tetracycline (TE 10pg), Trimethoprim/Sulphamethaxazole (SXT 25 ug).

3.1.6 Detection of Salmonella by PCR analysis

e Master mix e Tagq DNA polymerase
e inv A gene e MgCl2

¢ DNA e Glycerol

e PCR buffer e DMSO

e Primer

3.2 Study area and sample collection

A total of 61 milk samples from 9 different areas were collected from Savar,

Hemayetpur, Mirpur, Mohakhali, and Mymensingh. 39 milk samples were collected
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from different farms among these areas and also 22 packaged milk samples from

different companies. The milk samples were taken in vials and kept in a cold chain till
analysis.

3.2.1 Sample Collection Procedure

1. Afterwearing gloves, brushing off any dirt, debris, or bedding particles

from the udder and teats was done.

2. Then Pre-dip with teat dip (0.5% iodine) leaving the pre-dip on the teat for
at least 20 to 30 seconds before removal.

3. Drying each teat thoroughly, and removing the pre-dip using a single, dry
paper with particular emphasis on the teat end.

4. For 15 to 20 seconds, carefully and vigorously scrubbed the teat end and
orifice with cotton (but not dripping wet) with 70% ethyl alcohol. Using a
separate swab for each teat being sampled, even within the same cow.
Continued to clean the teat end until the swab is completely clean and white,
to prevent recontamination of teat ends, clean the teats on the far side of the

udder first followed by the teats on the near side of the udder.
5. Double checked to ensure that the teats and udder are clean and dry.

6. After Removing (fore strip) three or four streams of milk from the quarter
being sampled to minimize chances of sample contamination

from bacteria in the teat end.

7. The collection vial was opened immediately before the sample is taken. The
teat end did not touch the container or skin debris or dirt enter the container.
Collection vial was kept at 45° angle to keep debris (hair, manure, dirt) from

accidentally falling into the collection vial. Teat was turned toward the
collection vial, striving for direct streams of milk into the vial.

8. 3to 5 ml of milk (few streams) was taken. Immediately cap was placed on

the container and sealed so it was airtight.

9. Labeled the sample vials using a waterproof marker so that they will not

come off during transport to the laboratory.
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10. Immediately collection vial was placed on an icebox and kept refrigerated

until delivered to the lab.

Duplicate plates were prepared for a Hundred-fold serial dilution and the average was
taken. The serial dilution was carried out on the milk samples by taking 1 ml into 9 ml
normal saline diluents (10-1) using a Pasteur pipette, then 1 ml was taken from the 101
dilution to another 9 ml normal saline to give 10-2 dilution. From the 10-2 diluent, 1 ml
was taken to another 9 ml normal saline to give 10-3dilution. From the 10-3diluent, 1
ml was taken to another 9 ml normal saline to give 10-*dilution. From the 10-*diluent,
1 ml was taken to another 9 ml normal saline to give 10-°dilution. From the 10->diluent,
1 ml was taken to another 9 ml normal saline to give 10-6 dilution and then 1 ml from
106 onto nutrient agar plate was inoculated using a surface spread to cover the surface
using glass bent rod. From the 9 ml normal saline, it gave a dilution of 10-7 on the plate
and then incubated at 37°C for 18-24 hrs. After 18-24 hrs. incubation the total aerobic
count and coliform count on the nutrient agar, Eosin methylene blue agar plate was
carried out. All organisms growing on the agars were considered. Observation of
metallic sheen with a dark center demonstrated the presence of E. coli in the EMB agar
and White, yellowish-white, off-white-colored colonies were observed on nutrient agar
media. The count was calculated in coliform forming unit/per ml (CFU/mlI) of the milk

samples. The standard maintained according to table 1.

Table 1: Milk standard of different countries in the world. (Chandaetal., 2008)

Name of the Standard plate Coliform Grade/Standard
country/region count bacterial
count
200,000/ml Nil A
The USA 1,000,000/ml 10/ml B
No Limit 100/ml C
New York Not to exceed - Pre-pasteurized milk for Grade A use
100,000/mL
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20,000/ml Not to Grade A pasteurized milk

exceed
10/mL
30,000/ml - Raw milk
European <100,000/ml Nil -
Union
<30,000/ml Nil Extra superior bacteriological quality
30,000-100,000/ml Nil Satisfactory bacteriological quality
Denmark 100,000-300,000/ml = 100/ml Less satisfactory bacteriological
quality
300,000-800,000/ml - Non-satisfactory bacteriological
quality
>800,000/ml - Very unsatisfactory bacteriological
quality
Not exceeding Nil Very good
India 200,000/ml
Between 200,000 - Good
and 1,000,000/ml
Between 1,000,000 - Fair
and 5,000,000/ml
Over 5,000,000/ml - Poor

3.4 Bacterial culture isolation and characterization

3.4.1 Pre-enrichment

Pre-enrichment for all the sample was carried out on Buffered peptone water is
inoculated at ambient temperature, then incubated at 37 °C £1 °C for18 h £ 2 h.

3.4.2 Selective enrichment for Salmonella

Enrichment for Salmonella spp. was carried out on Rappaport Vassiliadis broth (RVB)

(SC, Difco USA) on raw and commercial milk samples. 1ml of each raw and
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commercial milk sample was aspirated using a 5 ml sterile syringe into 9 ml of RVB
and then incubated at 37°C for 24 hrs.

3.4.3 Isolation of Salmonella

Following enrichment in RVB, a loop full of the incubated broth was smeared and
streaked onto Xylose Lysine Deoxycholate agar plates using a sterile wire loop and
incubated at 37°C for 24 — 48 hrs. After incubation, the plates were examined for the
presence of typical and suspect colonies. Typical colonies of Salmonella grown on
XLD-agar have a black centerand a lightly transparent zone of reddish color due to the
color change of themedia (1SO 6579,2002) while H2S negative variants grown on XLD
agar are pink with a darker pink center. Lactose-positive Salmonella grown on XLD

agar are yellow with or without blackening.
3.4.4 Isolation of Staphylococcus

The specimens were directly inoculated by streaking onto mannitol salt agar (MSA)
and incubated at 37 °C for 24 h. All colonies from primary cultures were purified by
subculture onto  MSA medium and incubated at 37°C for 24- 48 hrs. Gram stain
slides were investigated. The specimens were enriched in Brain Heart Infusion broth at
37°C for 24 hrs., then streaking on to mannitol salt agar (MSA) and Baird parker agar
the following day and incubated at 37°C for 24 hrs. All colonies from primary cultures
were purified by subculture onto MSA medium and incubated at 37° C for 24- 48 hrs.

3.4.5 Gram Reaction

After 24 hrs. incubation on XLD, MSA and BPA smear from distinct colonies of
Salmonella were made on sterile glass slides and flame. Fixed smears were then gram
stained using the gram staining procedure as described by (Cheesbrough, 2002).
Stained smears were then viewed under a compound microscope at X 100 objective

lens for typical Salmonella gram reaction and morphology.
3.4.6 Biochemical characterization of isolates

Suspected Salmonella isolates on XLD were subjected to biochemical tests based on
indole production, Methyl Red (MR), and Voges-Proskauer (VP) using MR-VP
medium (Merck, Germany). Presumptive colonies were transferred to tubes of Triple

Sugar Iron (TSI) agar, Urea, Methyl Red, VVoges Proskauer and incubated at 37°C for
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18-24 hrs. Confirmed isolates were stored on nutrient agar slants at -4°C for further
studies. Biochemical characterization was done based on standard techniques (Cowan,
2003). All isolates that were typical of Salmonella spp. were tested and substrates were
considered to belong to the genus Salmonella. Typical Salmonella reactions such as
indole negative, methyl red positive, Voges-Proskauer negative, motile in motility

medium.

In this test, the Triple Sugar iron Agar was prepared according to the manufacturer’s
instruction and was inoculated with the isolates by stabbing and streaking respectively.
This was followed by incubation at 37°C for 24-48 hrs. It was then observed for
hydrogen sulfide production (which is indicated by a black precipitate at the butt of the
tube) and carbohydrate fermentation indicated by gas production and color change)
(Quinn, 2002). Also, the test tube showed yellow at the top, leaving the bottom light
red, which indicates alkaline over acid which is a typical Salmonella reaction on TSI
slants (Carter and Chengeppa, 1991).

Samples were inoculated into 5 ml of MR-VP broth and incubated at 37°C for 24 hrs.
Afterincubation, 1ml of the broth was transferred to a small serological tube followed
by the addition of 2-3 drops of methyl red, and the color on the top of the medium was
read immediately. The red coloration on theaddition of the indicator signified a positive
test for Salmonella spp. To the rest of the broth in the original tube 5 drops of 40%
potassium hydroxide (KOH) were added followed by 5 drops of 5% of alcoholic
(ethanol) alpha Naphthol. The cap of the tube was loosened and placed in a sloping
position. The development of a red color starting from the liquid -air interface within 1
hour indicates a positive test. Salmonella spp. are reported to be Methyl red positive
with an orange to red coloration and Voges-Proskauer negative with no coloration
(Cheesbrough, 2002).
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Samples were inoculated into 4 ml tryptophan broth and incubated at 37°C for 24hrs.
After incubation three drops of Kovac’s indole reagent were then added and shaken
gently. Within one minute, the reaction is read added as the presence or absence of the
ring was observed. No color change is indicative of a negative result and a red or pink
ring is indicative of a positive indole test.

3.4.7 Antimicrobial Susceptibility testing of Isolates

This was performed using a panel of 11 commonly used antimicrobial agents by the
Agar Disc Diffusion method following Clinical Laboratory Standards Institute (CLSI,
2016) guidelines (Bauer, 1966) and cultured on Mueller-Hinton agar (Oxoid
Basingstoke, U.K). The following antimicrobial agents and concentrations were used:
Amoxicillin/Clavulanic acid (AMC 30ug), Ampicillin (AMP 10pg), Azithromycin
(AZM 15pg), Cefixime (CFM 5pg), Chloramphenicol (C 30ug), Ciprofloxacin (CIP
5ug), Ceftriaxone (CTR 30ug), Cefotaxime (CTX 30ug), Doxycycline (DO 30ug),
Enrofloxacin (ENR 5pug), Erythromycin (E 15ug), Cefepime (FEP 30ug), Gentamicin
(CN 10pg), Imipenem (IPM 10ug), Kanamycin (K 30pg), Levofloxacin (LEV 5ug),
Nalidixic acid (NA 30ug), Norfloxacin (NOR 10ug), Oxytetracycline (OT 30ug),
Pefloxacin (PEF 5pug), Streptomycin (S 10upg), Co-trimoxazole (SXT 25ug),
Tetracycline (TE 10ug), Linezolid (LZD 30 pg), Nitrofurantoin (F 300 ug), Penicillin
(P 10 pg), Trimethoprim/Sulphamethaxazole (SXT 25 pg). (Oxoid Basingstoke, UK).
Colonies (4-5) of the test isolates from overnight cultures on XLD plates were picked
and emulsified in sterile normal saline. The turbidity of the suspension was adjusted to
match 0.5 McFarland’s standard. Ten pl of the suspension was then dispensed and
spread on Mueller-Hinton (Oxoid UK) agar plates to create a uniform lawn. The pre-
inoculated plates were used for the disc diffusion test. The antibiotic discs were placed
on the surface of each of the pre-inoculated Mueller-Hinton plates using a disc
dispenser (Oxoid Basingstoke, U.K), and the plates were incubated aerobically at 37°C
for 24 hrs. After incubation, the diameters of the antibiotic inhibition zones were
measured to the nearest millimeter (mm) using a meter rule and were classified as

susceptible (S), intermediate resistant (1), or resistant (R) according to the CLSI criteria
(2016).
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Figure 1: Placement of antibiotic disk for the evaluation of antimicrobial susceptibility

3.4.8 DNA Extraction

From the enrichment media, 1.5 ml of overnight growth bacteria were used. The
cultured broth was put in an Eppendorf tube then it was centrifuged for ten minutes at
10000 rpm. After centrifuging the supernatant was removed and the precipitate at the
bottomof the Eppendorf tube was dried for some time. After drying, 200 pl of nuclease-
free water was added and vortexed to mix the precipitate into the nuclease-free water.
After proper mixing, the tube was placed in a water bath at 95°C for 10 minutes, after
the completion time the tube was immediately put into ice for 10-minutes. After ten
minutes the tube was centrifuged for 10 minutes at 10000 rpm. One hundred pl of the
supernatant was used as DNA template for the PCR.
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3.4.9 PCR ldentification

3.4.9.1 Master mix composition for invA gene Conventional PCR

technique

Total DNA (5ul) was subjected to conventional PCR in a 25ul reaction mixture
containing 2X PCR buffer (0.025U/uL Tag DNA polymerase, reaction buffer, 1.5 mM
MgCl2, 0.2 mM of each dNTP (dATP, dCTP, dGTP and dTTP), 5% glycerol and a
variable concentration of specific primer ,0.5 mM MgCl. and 3% DMSO was added.

3.4.9.1.1 Procedure

* At fast, an iceless cold storage system for 96 well plates or ice cup and PCR

tubes was taken, then Primer and the master mix was put into ice.

» PCR tubes were taken and were labeled, put in an iceless cold storage system
for 96 well plates.

* Then 25l reaction mixture per sample was prepared by adding H20, primer,
and master mix into the PCR tube according to the recipe.

3.4.9.1.2 The mechanical process of conventional PCR

* Five pul extracted DNA template was added to the master mix containing PCR

tube and centrifuged at 1000 rpm for a few seconds.

* Then PCR tube was placed into the thermal cycler.
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3.4.9.1.3 Thermal Profile of Conventional PCR invA gene

Table 2: Conventional PCR gene for the Salmonella isolates with sequence, primer name.

PCR Primer Primer Annealing | Amplicon
gene Sequence (5'-3") Reference
name Name con. uM temp (°c) size (bp)
GTGAAATTATC
GecaceTTCeG | 04
Con. 139 (Rahn et
invA GCAA 64 284 bp
PCR al., 1992)
TCATCGCACCG 0.4
141 '
TCAAAGGAACC

invA gene’s Conventional-PCR amplification was carried out as follows: initial
denaturation at 95°C for 15 min; 35 cycles of 95°C for 30's, 64°C for 30 s and 72°C for
30 s and final elongation at 72°C for 5 min.

After mixing 1.5 gm agarose powder with 100 mL 1XTBE in a microwavable flask.

Microwave for 1-3 min until the agarose is completely dissolved. After cooling down

to about 50 °C, ethidium bromide (EtBr) to a final concentration of approximately 0.3

microgram/mL was added. It varied from time to time because of different amount of

agarose was used. Agarose was put into a gel tray with the well-comb in place. After

solidification, agarose gel was placed into the gel box (electrophoresis unit). At first

molecular weight, the ladder was loaded in the first lane then the sample was loaded.

Gel ran at 100 V for 10 minutes. Then the gel was observed under UV light for

identification.
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Chapter 4. RESULTS

4.1 Total Viable Bacterial Count (TVBC)

The total microbial count for raw milk ranged between 3-8.2 logio with a mean of 1.20
+ 0.19 standard deviation, while the counts for commercial milk ranged between 0-8.6

logio with a mean of 2.00 + 0.50 standard deviation.
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Figure 2: Total viable bacterial count of the sample from Hemayetpur farm.




From Hemayetpur 30 samples were collected, from these samples, the data shows that
2 samples fall in category A of USA standard, 5 sample falls in category B. Seventeen
samples meet the criteria of Pre-pasteurized milk for Grade A, 9 samples in Grade A
pasteurized milk, 9 samples in Raw milk Category of New York Standards. Eighteen
samples in European Union’s category of the threshold value. Nine samples in extra
superior bacteriological quality, 7 samples in satisfactory bacteriological quality, 4
samples in Less satisfactory bacteriological quality, 3 samples in non-satisfactory
bacteriological quality, 7 samples in very unsatisfactory bacteriological quality in
Denmark standard. Seventeen samples in very good condition, 8 samples in good
condition, 5 samples in fair condition, and no samples were in poor condition according
to India standard. According to the BSTI standard of less than 20000 CFU/ml total
viable count (Hossain et al., 2011), 9 samples meet the standard.
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Figure 3: Total viable bacterial count of the sample from Mohakhali farm

Six samples were taken from Mohakhali farm 3 before milking from thetits of pregnant
cows and 3 after milking from the milk container. Among them, none of them meet the

criteria of the BSTI standard. 1 sample meets the criteria of Grade A, 3 samples in
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Grade B of the USA standard. One sample meets the criteria of Pre-pasteurized milk
for Grade A of New York standard. One sample meets the criteria of European union
standard. 1 sample meets the criteria of Satisfactory bacteriological quality, 1 sample
in Less satisfactory bacteriological quality, 1 sample in Non-satisfactory bacteriological
quality, and 3 samples in Very unsatisfactory bacteriological quality of Denmark milk
standard. One sample is very good, 2 samples in good, and 3 samples in the poor
category of Indian standard.

Three sample taken from savar farm shows Grade A in The USA standard, Grade A
pasteurized milk in New York standard, Extra superior bacteriological quality in

Denmark standard, very good according to Indian standard, and meets the BSTI

standard.
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Figure 4: Total viable bacterial count of the sample from Brand 1
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Four commercial milk productswere evaluated and 2 of them were pasteurized milk,
Brand 1 and Brand 2. Two of themwas UHT (Ultra High Temperature) processed milk
Brand 3 and Brand 4. Two sample from Brand 1 shows fair and 2 samples show poor
standard according to Indian standard. And 1 sample shows Grade A in The USA
standard, Grade A pasteurized milk in New York standard, Extra superior
bacteriological quality in Denmark standard, very good according to Indian standard
and meets the BSTI standard. In Brand 2, 1 sample is fair according to Indian standard,
3 sample shows Grade A in The USA standard, Grade A pasteurized milk in New Y ork
standard, Extra superior bacteriological quality in Denmark standard, very good
according to Indian standard and meets the BSTI standard. In Brand 3, 2 sample meets
The USA standard of Grade B, 1 sample in less satisfactory bacteriological quality in
Denmark standard, 1 sample in very unsatisfactory bacteriological quality of Denmark
standard and 3 samples shows Grade A in The USA standard, Grade A pasteurized milk
in New York standard, Extrasuperior bacteriological quality in Denmark standard, very
good according to Indian standard and meets the BSTI standard. In Brand 4, 1 sample
is very unsatisfactory bacteriological quality in Denmark standard, 2 samples show
Grade A in The USA standard, Grade A pasteurized milk in New York standard, Extra
superior bacteriological quality in Denmark standard, very good according to Indian
standard and meet the BSTI standard.
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4.2 Total coliform count

The total coliform count of raw milk ranged between 0-7.73 logio with a mean of 1.23

+ 0.25 standard deviation while the values for commercial milk ranged between 0-6.7
log1o with a mean of 0.87 + 0.36 standard deviation.
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Figure 10: Total Coliform Count of the sample from Hemayetpur farm

From 30 samples, 4 samples show Grade A in The USA standard, Grade A pasteurized
milk in New York standard, Extrasuperior bacteriological quality in Denmark standard,
very good according to Indian standard and meet the BSTI standard cumulatively in
Standard plate count and coliform bacterial count. Three samples meet the criteria for
Grade A in The USA standard, Grade A pasteurized milk in New York standard, Extra
superior bacteriological quality in Denmark standard, very good according to Indian
standard and BSTI standard in the total coliform count.
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Figure 11: Total Coliform Count of the sample from Mohakhali Farm
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Figure 12: Total viable bacterial count and Coliform Count of the sample from Mohakhali
farm




From Mohakhali farm, individually 3 samples show Grade A in The USA standard,
Grade A pasteurized milk in New York standard, European Union standard, Extra
superior bacteriological quality in Denmark standard, very good according to Indian
standard and meet the BSTI standard. One sample shows Grade A in The USA standard,
Pre-pasteurized milk for Grade A use in New Y ork standard, European Union standard,
Satisfactory bacteriological quality in Denmark standard, very good according to Indian
standard and meets the BSTI standard cumulatively with standard plate count and
coliform bacterial count. Two samples meet the criteria of Grade B of The USA
standard, Less satisfactory bacteriological quality of Denmark standard, and good
category of Indian standard.
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Figure 13: Total Coliform Count of the sample from Brand 1
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Figure 14: Total Coliform Count of the sample from Brand 2
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Figure 15: Total Coliform Count of the sample from Brand 3
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Figure 16: Total Coliform Count of the sample from Brand 4
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Figure 17: Total viable microbial and Coliform Count of the sample from Brand 1

From Brand 1, 2 samples show Grade A in The USA standard, Grade A pasteurized
milk in New York standard, Extrasuperior bacteriological quality in Denmark standard,
very good according to Indianstandard and meet the BSTI standard and 1 sample meets
Grade A in The USA standard, Grade A pasteurized milk in New York standard,
European union standard, Extra superior bacteriological quality in Denmark standard,
very good according to Indian standard and meets the BSTI standard cumulatively with
standard plate count and coliform bacterial count.
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Figure 18: Total viable microbial and coliform Count of the sample from Brand 2

In the case of Brand 2, 3 samples meet Grade A in The USA standard, Grade A

pasteurized milk in New York standard, European union standard, Extra superior

bacteriological quality in Denmark standard, very good according to Indian standard,

and meets the BSTI standard cumulatively with standard plate count and coliform

bacterial count. One sample meets Grade C in The USA standard, poor according to

Indian standard cumulatively.
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Figure 19: Total viable microbial and coliform count of the sample from Brand 3

For Brand 3, 4 samples meet Grade A in The USA standard, Grade A pasteurized milk
in New York standard, European union standard, Extra superior bacteriological quality
in Denmark standard, very good according to Indian standard and meet the BSTI
standard cumulatively with standard plate count and coliform bacterial count. One

sample meets Grade C in The USA standard, non-satisfactory bacteriological quality in
Denmark standard, good according to Indian standard cumulatively.
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Figure 20: Total viable microbial and coliform count of the sample from Brand 4

For Brand 4, 1 sample meets meet Grade A in The USA standard, Grade A pasteurized
milk in New York standard, European union standard, Extra superior bacteriological
quality in Denmark standard, very good according to Indian standard and meets the
BSTI standard cumulatively with standard plate count and coliform bacterial count.
One sample meets Grade A in The USA standard, Pre-pasteurized milk for Grade A
use in New York standard, European union standard, satisfactory bacteriological
quality of Denmark standard, very good according to Indian standard and meets the
BSTI standard cumulatively with standard plate count and coliform bacterial count.
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4.3 ldentification of Salmonella

From all the samples isolated 34 samples showed the characteristic of Salmonella.

Among them 25 were observed from raw milk gathered from different farms, 8 were
from the pasteurized milk, and 1 from the UHT milk.

Figure 21: Isolation and colony characteristics of Salmonella in XLD-Agar.
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4.4 ldentification of Staphylococcus

Twenty-seven samples showed characteristics in mannitol salt agar as pink, yellow and
white colony.

Figure 22: Isolation of Staphylococcus morphological characteristics in Mannitol Salt Agar.




The same sample that was given in mannitol salt agar was inoculated in Baird parker
agar (BPA) and 27 isolates that grew on mannitol salt agar were also inoculated on
BPA. Total 27 showed the characteristic of a Black colony and gray colony with an
opaque zone in BPA.

Figure 23: Isolation of Staphylococcus in Baird parker agar.
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The samples were sub cultured 3 times to get pure colonies and all of the 27-sample

showed growth in BPA.

Day 1 Day 2

Day 3

Figure 24: Subculturing of Staphylococcus in Baird parker agar.




4.5 Gram Staining

A total of 113 isolates were isolated from 61 milk samples. Different types of colonies
were observed and according to gram staining, gram-positive and gram-negative
isolates were found among the samples. Raw milk showed the highest number of gram-
positive isolates with 41, pasteurized milk showed 24-gram positive isolates and UHT
milk showed 8-gram positive isolates. Gram-negative isolates were a little less than
gram-positive isolates. Raw showed 28-gram negative organism, pasteurized milk
showed 7 isolates and UHT milk showed 5 isolates.
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Figure 25: Gram-positive & gram-negative organism found in different types of sample

Depending on the morphological characteristics of round shape and round shape the

analysis was done. Raw milk showed the highest number of round shape gram-positive
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isolates (28), 10 in pasteurized milk, 8 in UHT milk. Round gram-negative isolates

were found 3 in raw milk, 1 in pasteurized milk, 1 in UHT treated milk.
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Figure 26: Morphologically round shape organism found in different types of sample
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Figure 27: Gram-positive and negative organism of the round shape. Round shape gram-
positive organism (A), (B). round shape negative organism (C), (D).
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Raw milk showed 13-rod shape gram-positive isolates, 14 in pasteurized milk, and none
in UHT milk. Rod gram-negative isolates were found highest in raw milk (25), 6 in
pasteurized milk, 4 in UHT treated milk.
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Figure 28: Morphologically round shape organism found in different types of sample

Figure 29: Gram-positive and negative organism of rod shape. Rod shape gram-positive
organism (A), (B). rod shape negative organism (C), (D).
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4.6 Biochemical Identification

Biochemical identification was for 34 Salmonella isolates. 22 was positive in case of

methyl red test among them 14 sample was from raw milk and 8 sample was from

pasteurized commercial milk and none from UHT milk.
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Figure 30: Methyl red test positive sample among different type of samples

Figure 31: Methyl red test. Methyl red test negative (A), Methyl red test positive (B), Methyl

red test control negative (C).
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Total 23 isolates showed Voges-Proskauer test negative among which 15 were from

raw milk, 7 from pasteurized milk, and 1 from UHT milk.
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Figure 32: Voges-Proskauer test positive sample among different type of sample

Figure 33: Voges Proskauer test. Voges Proskauer test control negative (A), Voges Proskauer
test positive (B), Voges Proskauer test negative (C).
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9 samples showed positive in indole test among them 6 from raw milk, 3 from

pasteurized milk, and none from UHT milk.

Figure 34: Indole test. Indole test positive (A), Indole test negative (B).
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Figure 35: Indole test positive sample among different types of samples




4.7 Triple Sugar Iron Test

Five samples showed characteristics of reaction, which showed positive result in the

case of Salmonella.

Table 3: Triple sugar iron test and interpretation

Isolate Slant Color | The butt of Tube’s | Gas production | H,S production
number Color

Isolate 1 Yellow Black + Red v v
Isolate 2 Yellow Black + Red v v
Isolate 3 Yellow Black + Red v v
Isolate 4 Red Black X v
Isolate 5 Yellow Black + Red v v
Isolate 6 Yellow Black + Red v v
Positive Yellow Black + Red v 4
control
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Figure 36: Formation of hydrogen sulfide indicative by black precipitation at the butt of the
test tube, yellow at the slant indicates alkaline, bottom light red indicates acid production, and
gas formation is indicative of carbohydrate fermentation (A) and (B).

4.8 Antimicrobial Susceptibility

Table 4: shows the twenty-three (23) antimicrobial agents used for the susceptibility
testing of the 20 Salmonella isolates. All 20 (100%) isolates were susceptible to
imipenem (100%) while 18 (90%) isolates were susceptible to amoxicillin/clavulanic

acid. Fifteen (75%) isolates were susceptible to Chloramphenicol, fourteen (70%)
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isolates were susceptible to Cefotaxime, twelve (60%) isolates were susceptible to
Ciprofloxacin. Eleven (55%) isolates were susceptible to Cefixime, ten (50%) isolates
were susceptible to gentamicin, levofloxacin, norfloxacin. Eight (40%) isolates were

susceptible to ampicillin, streptomycin. Six (30%) isolates were susceptible to
kanamycin and 3 (15%) isolates were susceptible to Co-trimoxazole.

Based on the antibiotic susceptibility test, all 20 (100%) isolates were resistant to
tetracycline, pefloxacin, oxytetracycline, nalidixic acid, erythromycin, doxycycline
followed by enrofloxacin, cefepime (85%) then azithromycin (75%), and gentamycin
(50%)).

Figure 37: Antibiogram test plates for interpretation of the result




Sl. Antibiotic Name Concentration No. of % of No. of % of
No. Sa}lmonella Sa}ImoneIIa Sa}lmonella Sa}lmonella
isolates isolates isolates isolates
susceptible | susceptible resistant resistant
1 Amoxicillin/Clavulanic AMC 30ug 18 90 1 5
acid

2 Ampicillin AMP 10ug 8 40 6 30

3 Azithromycin AZM 15ug - - 15 75

4 | Cefixime CFM 5ug 11 55 4 20

5 Chloramphenicol C 30ug 15 75 4 20

6 Ciprofloxacin CIP5ug 12 60 6 30

7 Ceftriaxone CTR 30pug 11 55 5 25

8 Cefotaxime CTX 30ug 14 70 6 30

9 Doxycycline DO 30ug - - 20 100
10 | Enrofloxacin ENR 5ug - - 17 85
11 | Erythromycin E 15ug - - 20 100
12 | Cefepime FEP 30ug - - 17 85
13 | Gentamicin CN 10ug 10 50 10 50
14 | Imipenem IPM 10ug 20 100 - -

15 | Kanamycin K 30ug 6 30 7 35
16 | Levofloxacin LEV 5ug 10 50 7 35
17 | Nalidixic acid NA 30ug - - 20 100
18 | Norfloxacin NOR 10ug 10 50 3 15
19 | Oxytetracycline OT 30ug - - 20 100
20 | Pefloxacin PEF 5ug - - 20 100
21 | Streptomycin S 10ug 8 40 7 35
22 | Co-trimoxazole SXT 25ug 3 15 17 85
23 | Tetracycline TE 10ug - - 20 100

Table 4: Salmonellaantibiogram result of antibiotic susceptibility and resistance
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Key

Amoxicillin/Clavulanic acid (AMC 30ug), Ampicillin (AMP 10ug), Azithromycin
(AZM 15pug), Cefixime (CFM 5ug), Chloramphenicol (C 30ug), Ciprofloxacin (CIP
5ug), Ceftriaxone (CTR 30pg), Cefotaxime (CTX 30pg), Doxycycline (DO 30ug),
Enrofloxacin (ENR 5ug), Erythromycin (E 15ug), Cefepime (FEP 30ug), Gentamicin
(CN 10pg), Imipenem (IPM 10ug), Kanamycin (K 30pg), Levofloxacin (LEV 5ug),
Nalidixic acid (NA 30ug), Norfloxacin (NOR 10ug), Oxytetracycline (OT 30ug),
Pefloxacin (PEF 5pug), Streptomycin (S 10upg), Co-trimoxazole (SXT 25ug),
Tetracycline (TE 10ug).

Here is a resistant pattern of 20 isolates in which tetracycline, pefloxacin,
oxytetracycline, nalidixic acid, erythromycin, doxycycline is not included because of

their 100% resistance in all the sample.

Sl. Isolates Resistant Pattern Frequency

No.
1 M1 ENR, FEP, K, SXT 1
2 MMO3 | AZM, ENR, FEP, SXT 1
3 MMO1 | AMP, ENR, FEP, K, SXT 1
4 MMOG6 | AZM, ENR, FEP, K, SXT 1
5 MH3 CTX,ENR, FEP,CN, S 1
6 MH1 AZM, CTX, FEP, CN, S 1
7 MS1 AMP, ENR, FEP, CN, LEV, SXT 1
8 MV4 AZM, CFM, CTR, ENR, CN, SXT 1
9 MS1 AZM, CTR, ENR, FEP, LEV, SXT 1
10 MMO2 | AZM, CIP, ENR, CN, LEV, SXT 1
11 MH9 AZM, C,ENR, CN, S, SXT 1
12 MH12 AMP, AZM, CIP, ENR, FEP, IPM, SXT 1
13 MMO4 | AZM, ENR, FEP, LEV, NOR, S, SXT 1
14 MM2 CTX, ENR, FEP, CN, K, S, SXT 1
15 M2 AZM, C, CTX, FEP, CN, LEV, SXT 1
16 M3 AMP, AZM, CIP, CTR, CTX, ENR, FEP, SXT 1
17 MS3 AMP, AZM, C, CTR, ENR, FEP, CN, K 1
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18 MMO5 | AMP, AZM, CFM, CIP, CTR, CTX, FEP, K, 1

SXT

19 MS2 AZM, CFM, CIP, ENR, FEP, K, LEV, NOR, 1
S, SXT

20 MM1 AMC, AZM, CFM, C, CIP, ENR, FEP, CN, 1

LEV, NOR, S, SXT

Table 5: Multidrug resistance and frequency of Salmonella isolates

Key

Amoxicillin/Clavulanic acid (AMC 30ug), Ampicillin (AMP 10pg), Azithromycin
(AZM 15pug), Cefixime (CFM 5ug), Chloramphenicol (C 30ug), Ciprofloxacin (CIP
5ug), Ceftriaxone (CTR 30ug), Cefotaxime (CTX 30ug), Doxycycline (DO

30ug), Enrofloxacin (ENR 5pg), Cefepime (FEP 30ug), Gentamicin (CN 10ug),
Imipenem (IPM 10pg), Kanamycin (K 30ug), Levofloxacin (LEV 5ug), Norfloxacin
(NOR 10pg), Streptomycin (S 10ug), Co-trimoxazole (SXT 25ug), MMO (Isolate from
Mohakhali farm), MM (Isolate from Mirpur farm), M (Brand 1), MS (Isolate from

Savar farm), MH (Isolate from Hemayetpur farm)

Table 6 shows ten (10) antimicrobial agents used for the susceptibility testing of the 27
Staphylococcal isolates. 26 (96.3%) isolates were susceptible to chloramphenicol while
25 (92.6%) isolates were susceptible to ciprofloxacin and gentamicin. 24 (88.9%)
isolates were susceptible to nitrofurantoin, twenty-three (85.2%) isolates were
susceptible to linezolid, eighteen (66.7%) isolates were susceptible to
Trimethoprim/Sulphamethaxazole. Twelve (44.4%) isolates were susceptible to

erythromycin and one (3.7%) isolate was susceptible to ampicillin.

Based on the antibiotic susceptibility test, all 27 (100%) isolates were resistant to
penicillin followed by 26 (96.3%) isolates resistant to ampicillin, 5 (18.5%) isolates
resistant to tetracycline, 4 (14.8%) isolates resistant to linezolid and 3 (11.1%) isolates

resistant to Trimethoprim/sulphamethoxazole.
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Sl. Antibiotic Concentration No. of % of No. of % of
N Name Staphylococ | Staphylococ | Staphyloc | Staphylococ
0. cal isolates | cal isolates occal cal isolates
susceptible | susceptible isolates resistant
resistant

1 Ampicillin AMP 10ug 1 3.7 26 96.3

2 Chloramphenicol C30ug 26 96.3 - -

3 Ciprofloxacin CIP5 g 25 92.6 - -

4 Erythromycin E 15 ug 12 44.4 1 3.7
Gentamicin CN 10 pg 25 92.6 - -

6 Linezolid LZD 30 ug 23 85.2 4 14.8

7 Nitrofurantoin F 300 ug 24 88.9 1 3.7

8 Penicillin P 10ug - - 27 100

9 Tetracycline TE 30 ug 22 81.2 5 18.5

10 | Trimethoprim/ SXT 25ug 18 66.7 3 111
Sulphamethaxazole

Table 6: Staphylococcus antibiogram result of antibiotic susceptibility and resistance

Key

Ampicillin  (AMP 10ug), Chloramphenicol (C 30ug), Ciprofloxacin (CIP 5ug),

Erythromycin (E 15ug), Gentamicin (CN 10ug),
Nitrofurantoin (F 300 pg),

Trimethoprim/Sulphamethaxazole (SXT 25 ug).

Linezolid (LZD 30 pg),
Penicillin (P 10 pg), Tetracycline (TE 10ug),

Sl.no. Resistant Pattern Frequency
1 AMP, P 14
2 AMP, P, TE 4
3 AMP, P, LZD 4
4 AMP, P, F, TE 1

Table 7: Multidrug resistance and frequency of Staphylococcus isolates
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Key

Ampicillin (AMP 10ug), Penicillin (P 10ug), Tetracycline (TE 15ug), Linezolid (LZD 30 ug),
Nitrofurantoin (F 300 pg).

Among 20 isolates that were tested for antibiotic susceptibility, 5 (25%) of the sample
showed a positive result in the conventional PCR method. In-gel electrophoresis, the
band appeared at 284 bp. These five samples were for 2 from Mohakhali farm, 2 from
Hemayetpur farm, 1 from the pasteurized milk of Brand 1. Four isolates were from raw

milk and one of them was from commercial milk.

300 bp
200 bp

100bp

Figure 38: PCR positive Salmonella isolates by inv A gene amplification.

284 bp

56



Chapter 5. Discussion

The investigation on microbial analysis of raw and different brands of pasteurized milk
was conducted to evaluate milk samples obtained from three important sources viz.,
raw, pasteurized, and UHT milk. The samples passed many categories of various
standards. Fourteen of the raw milk samples (31%) had Total viable bacterial counts
(TVBC) higher than the permissible level recommended by World Health Organization
(W. H. 0.), while eight (32%) of the commercial milk samples had TVBC higher than
the W.H.O. standard. The raw milk samples had values from 3-8.2 logio CFU/mL and
commercial milk samples had values that ranged between 0 - 8.6 logio CFU/mL. This
could be due to poor hygiene and a lack of pasteurization. It is in agreement with
(Lawan et al., 2012) who reported lower total viable bacterial counts range before
pasteurization between 5.7 - 6.04 logi0 CFU/mL and after pasteurization (3.7-4.20 logzo
CFU/mL). Furthermore, the WHO maximum permissible value for TVBC in milk is
6.0 logl0 CFU/mI (Ajogi et al., 2005). The total viable bacterial count of raw milk
ranged between 7.11-7.71 log10 CFU/mL which corresponds with the results reported
in the present work. The most frequent cause of high bacterial load is normally a result
of poor cleaning of the milking system. The bacterial count may be high due to milking
with dirty udders, maintaining an unclean milking and housing environment, and failing
to rapidly cool milk to less than 40 °F (Banik et al., 2015). (Aaku et al., 2004) and
(Arenas et al., 2004) have found (6.74-7.74 logio CFU/mL) of the total number of
microorganisms in pooled raw milk, respectively, which were comparatively lower than
that of this experiment. Hossain et al., 2011 experimented in India and found that the

bacterial count in raw milk ranged from 6.24-8.07 logio CFU/mL.

There are several reasons for the occurrence of bacterial contamination in the
pasteurized milk samples such as faulty pasteurization machinery, the capacity of
organisms to survive even after pasteurization, and contamination in the post-
pasteurized process due to poor processing and handling and storage conditions and/or
maintenance of substandard hygienic practices by working personnel. The TVBC (total
viable bacterial count) of the pasteurized milk samples in this study was ranged (0 - 8.6
logio CFU/mL), higher than that recommended by BSTI and USPHS (not exceeding
20,000 CFU/ml) (Institution, 2002), (Jay, 2003). (Hossain et al., 2011) found the
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bacterial count in pasteurized milk samples were in between 7.9-8.1 logio CFU/mL.
interestingly, three milk samples (M2, A2, A4) showed no growth at all.

According to the definition of the UHT process, the presence of bacteria in UHT milk
should be minimal or not at all (Ammara et al., 2009). In the present study, UHT milk
ranged from 0-5.95 logio CFU/mL This was an indication that there might be a problem
in the UHT process. The reasons for the presence of bacteria in UHT milk may be due
to milk quality, sanitation of process plant, the status of packaging material, and also

the process of handling (Tekinsen et al., 2007).

The presence of Escherichia coli (one of the members of coliform bacteria) in milk is
acommon indicator of fecal contamination. Coliform count in the raw milk ranged from
0 — 7.73 logio CFU/mL which was higher than that obtained by Saitanu, 1996, who
found TCC (total coliform count) of <1000 CFU/ml. However, TCC obtained in the
study of (Srairi et al., 2006) varied from less than 1.5-7.3 logio CFU/mL in raw milk.
In another study by Uddinet al., 2011, the range of total coliform count was from 4-6.9
logi0 CFU/mL. Reasons for higher coliforms counts in raw milk may be as a result of
poor hygiene, contaminated water, unsanitary milking practices, and improperly

washed and maintained equipment.

Coliform count of pasteurized milk ranged 0 — 6.7 logio CFU/mL from 4 (40%) samples
and 0 —5.9 logi0 CFU/mL from 2 (25%) sample in case of UHT milk. Coliform bacteria
are supposed to be absent in pasteurized milk as they can’t survive the pasteurization
temperature. Because of the faulty machinery in the pasteurization process or post
pasteurization contamination which includes contamination in packaging materials,
defectsin pipelines; TCC may be detected in the pasteurized milk samples (Dey and
Karim, 2013), (Agriculture., 2008). These results of detecting the coliform bacteria test
indicate that processed milk available in Bangladesh is of not good quality and will

cause a health risk to consumers.

The prevalence of Salmonella in raw milk was 10% while commercial milk had 4%
prevalence. The overall prevalence of 8.2 % (Raw milk 10 % while commercial milk 4
%) in this study is higher than that is obtained by (Karshima et al., 2013) who found a
prevalence of 6.4% from raw milk and 0.8% from fermented milk. (Mhone et al., 2012)

who carried out a study in Zimbabwe from selected farms on raw and processed cow
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milk and showed no Salmonella spp. However, Karshima et al., 2013 and Mhone et al.,
2012 used the same method of isolation (Hendriksen, 2003).

(Munsi et al., 2016) found 35.71% of vendor milk sample positive for Salmonella which
higher than the result in this study but the presence of Salmonella in brand milk sample
was not found but in this study, 4% was observed. (Rahman et al., 2018) found 1.85%
prevalence in the milk sample, collected from various small dairy farms. This study
shows a higher prevalence than 1.85%. Tamba et al., 2016 found prevalence of 4%

Salmonella in raw milk samples.

The 8.2% prevalence established in this work is of public health importance since the
presence of one Salmonella species can lead to the recall of food items from the market
following the WHO standard (Codex Alimentarius Commission). The prevalence found
in this study is probably due to the poor sanitary conditions of the milkman’s hands,
clothing’s and the environment. The presence of flies in the environment where raw
milk was sold and also the addition of polluted water could be potential sources of the
Salmonella organism. The higher prevalence of Salmonella spp. in milk could be due
to the poor sanitary environment where the milk was sold. The antibiotic susceptibility
of Salmonella isolates showed that Salmonella isolates from raw and commercial milk
were resistant to commonly used antibiotics. There was also resistance to multiple
antimicrobials, including tetracycline, pefloxacin, oxytetracycline, nalidixic acid,

erythromycin, doxycycline but all the isolates were sensitive to imipenem.

This study also revealed 20 antibiotic patterns from the 23 antimicrobial agents used
for the antibiotic susceptibility testing on 20 Salmonella isolates, which is very
alarming. This shows multiple drug resistance, and 20 (100%) of the isolates showed

resistance to at least 4 antibiotics (Table 4).

The resistance of (100%) Salmonella isolates for tetracycline groups recorded in this
study. Salmonella isolates showed Pefloxacin, nalidixic acid, and erythromycin (100%)
resistant. Azithromycin 5 (25%), enrofloxacin 3 (15%), cefepime 3 (15%) samples were
intermediate according to CLSI 2016 guideline. All (100%) of the isolate were resistant
to multidrug (Table 5).

The probable reason for multidrug resistance with 100% resistance on including
tetracycline, pefloxacin, oxytetracycline, nalidixic acid, erythromycin, doxycycline

may be due to the inappropriate use of antibiotics by farmers and animal feed producers
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in preventing or treating certain diseases of their animals (FVE, 2012). This could lead
to mutations from susceptible bacteria to new resistant bacteria through gene transfer
(that is emergence of antimicrobial resistance). It could also lead to prolonged treatment

and additional cost of diagnostic testing on animals and calls for concern (Acar, 1997)
and (Addis, 2015).

The prevalence of Staphylococcus in raw milk was 69.2% while in commercial milk
Staphylococcus was not found. The overall prevalence of this study is lower than (Ateba

et al., 2010) who found a prevalence of 100% from 28 raw milk samples.

This study also revealed 4 antibiotic patterns from the 10 antimicrobial agents used for
the antibiotic susceptibility testing on 27 Salmonella isolates. This shows multiple drug
resistance, and 14 (51.6%) of the isolates showed resistance toampicillin and penicillin.
Chloramphenicol 1 (3.7%), ciprofloxacin 2 (7.4%), erythromycin 14 (51.9%),
gentamicin 2 (7.4%), Nitrofurantoin 2 (7.4%), Trimethoprim/Sulphamethaxazole 6
(2.2%) sample were intermediate according to CLSI 2016 guideline. This is indicative

of B lactamase gene resistance (Table 6) and (Table 7).

B-lactams play a major role in the treatment of humans and animals. Many of the -
lactams like Amoxicillin, Penicillin, Cloxacillin, Ampicillin, and their combinations
with Blactamase inhibitors are being used in human and animal treatment. Therefore,
antimicrobial discs were selected depending on their use in animal treatment.
Ampicillin is active against many Gram-positive and Gram-negative bacteria. It was
the first ‘broad spectrum' Penicillin with activity against Gram-positive bacteria
including Streptococcus pneumonia, Streptococcus pyogenes, and some isolates of S.
aureus (but not Penicillin-resistant or Methicillin-resistant strains). Its spectrum of

activity is enhanced by co-administration of Sulbactam, a drug that inhibits Blactamase,
an enzyme produced by bacteria to inactivate ampicillin and related antibiotics.
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Conclusion

In conclusion, this study has established high values of aerobic plate count in milk
samples which is above the permissible values of the WHO standard. This indicates

poor hygienic levels among the nomads and therefore calls for corrective measures
through public health enlightenment.

This research has established the presence of Salmonella species with an overall
prevalence of 8.2% in the milk samples, with raw milk recording 10% prevalence and
commercial milk recording 4% prevalence. Also, in the presence of Staphylococcus the
prevalence of Staphylococcus in raw milk was 69.2%. Codex Alimentarius
Commission of the World Health Organization (WHO) states that milk for human
consumption must be free of Salmonella. Thus, the observed presence of Salmonella
species in the sampled milk is contrary to the standard of the Codex Alimentarius

Commission. that milk for human consumption must be free of Salmonella.

Also, the work has established that there were Salmonella spp. and Staphylococcus spp.
resistant to commonly used antibiotics and pose considerable health hazards to the
consumers unless prudent control measures are instituted. This could be due to
indiscriminate use of antibiotics in those areas or the use of substandard antibiotics or
improper storage of antibiotics (as this could affect the potency of the drugs by the farm

Oowners.
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Recommendations

Based on the finding in the study, the following recommendations are provided:

1. The milkman should practice personal hygiene by wearing clean clothing and
washing their hands regularly with soap and water before milking the animals.

2. There should be active surveillance of salmonellosis in cattle herds to screen

and treat those with the infection to reduce the prevalence of salmonellosis in

the environment.

3. There should be public health education on the need to keep the environment

where the animals are kept clean and also to wipe the udder of the cow before

milking with a clean cloth with warm water and edible disinfectant.

4. Government agencies like the National Agency for The Directorate General of

Drug Administration (DGDA) should assess and prevent the indiscriminate use

of antibiotics by animal owners.

5. The minimum inhibitory concentration evaluation should be carried out on the

resistant isolates of Salmonella and Staphylococcus to determine the breaking

point of the resistant organisms isolated.

6. Identification of B-lactamase producing gene by PCR needs to be done for

confirmation.

7. Further studies should be carried out to identify the Staphylococcus spp. in foods

using more sensitive and faster techniques to reveal the true prevalence of food -

borne diseases.
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